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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vacuum evacuating 
system which is reduced in the piping space from a device for 
pulling up a single crystal to a vacuum pump chamber, 
installation cost, electric power consumption, etc., and is 
trouble-free by expanding the pressure control range in a 
furnace even if the conventional conductance valve, etc., are 
not used. 

SOLUTION: The vacuum evacuating system for maintaining the 
pressure in the chamber of the device 1 for pulling up the single 
crystal at a reduced pressure is composed of a Root's type 
vacuum pump 6 and a dry vacuum pump 9. The discharge port 
of the device 1 for pulling up the single crystal and the suction 
port of the Root's type vacuum pump 6 are connected at a 
piping length within about 3m. The discharge port of the Root's 
type vacuum pump 6 and the suction port of the dry vacuum 
pump 9 are connected at a piping length within about 100m. The 
Root's type vacuum pump 6 is composed variable in the number 
of revolutions by an inverter device 4. A cyclone type dust 
collector 5 is mounted at the suction port of the Root's type 
vacuum pump 6. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 




[Claim(s)] 

[Claim 1] In the crystal-pulling equipment into which a single crystal is pulled up and is grown up from the 
raw material melt in the crucible held in this chamber while supplying inert gas in a chamber The root mold 
vacuum pump to which the evacuation system for carrying out reduced pressure maintenance of the 
chamber internal pressure of this crystal-pulling equipment was connected through the inlet by the piping 
die length of the exhaust port of this crystal-pulling equipment, and less than 3m of abbreviation, Evacuation 
equipment of the crystal-pulling equipment characterized by being constituted by the dry vacuum pump 
connected through the inlet by the piping die length of the exhaust port of this root mold vacuum pump and 
less than 100m of abbreviation. 

[Claim 2] Said root mold vacuum pump is evacuation equipment of the crystal-pulling equipment according 
to claim 1 made engine-speed adjustable with inverter equipment equipped with the control means which 
controls an engine speed automatically to become equal to a setting pressure about the pressure in a 
chamber. 

[Claim 3] Evacuation equipment of the crystal -pulling equipment according to claim 1 or 2 which made the 
inlet of said root mold vacuum pump equip with a cyclone mold dust collector possible [ attach/detach ]. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the evacuation equipment used for semi-conductor crystal- 
pulling equipments, such as silicon by the Czochrlski method. 
[0002] 

[Description of the Prior Art] In raising of the silicon single crystal by the Czochrlski method, silicon oxide 
(SiO) gas evaporates from a silicon melt front face, if this piles up in a chamber, it will condense and it 
becomes dust, it adheres to the solid-liquid interface of the single crystal under raising, and fault '- single 
crystal-ization is barred - arises. Exhausting the inside of a chamber with a vacuum pump, in order to 
prevent this, argon gas is supplied and it holds in the reduced pressure inert gas ambient atmosphere of 
abbreviation lOTorr to 30Torr(s). Thus, it is made reduced pressure, because the rate of flow in a chamber 
can be enlarged remarkable and discharge of silicon oxide is performed good also by the small arson 
amount of supply. & 

[0003] However, the raising process of a single crystal had the fault of the silicon oxide generated as raising 
progressed in order to cover long duration adhering to the dust filter arranged to the vacuum pump inspired 
air flow path as dust in a chamber exhaust port or piping, the flow of inert gas being barred, it becoming 
difficult to maintain the pressure in a chamber uniformly, and a pressure having risen, consequently 
stagnation of silicon oxide having arisen, and barring single crystal-ization. 

[0004] Moreover, the contractor concerned is good and it is just going to know that the oxygen density in 
the single crystal manufactured with this equipment will be greatly influenced by the rate of flow of the inert 
gas which flows between a radiation screen lower limit and melt front faces in recent years although the 
crystal-pulling equipment which used the radiation screen has increased in number. Since this rate of flow 
would also change if the pressure in a chamber changes as described above, there was also fault of 
worsening the repeatability of an oxygen density. In order to improve such fault, in JP 7-77994 B it has 
proposed controlling automatically the opening of a chamber and the conductance bulb interposed between 
mon^r pUmpS ' and chan S in 8 chamber internal pressure according to a predetermined control pattern. 

[Problem(s) to be Solved by the Invention] Quartz crucible aperture also became large with diameter-ization 
ot macrostomia of semi-conductor single crystals, such as silicon, in recent years, the silicon oxide gas yield 
also increased by the increment in silicon melt surface area in connection with it, it was going to discharge 
this efficiently, and enlargement of a vacuum pump has also progressed. Moreover, there is an inclination 
which dislikes generating of an oil mist etc. and forms into a dry pump the place which used the large-sized 
oil rotary pump conventionally like JP,7-33581,A. Moreover, since it is difficult to install near the crystal- 
pulling equipment if a large-sized vacuum pump like before is used when also enlarging crystal-pulling 
equipment and holding an a large number base in one works, it must install in a vacuum pump private room. 

[0006] For this reason, long ** of vacuum piping which the distance of crystal-pulling equipment and a 
vacuum pump amounts also to 50m from 30m of abbreviation depending on arrangement of this equipment 
therefore connects a vacuum pump to this equipment also becomes more than this. Generally the 
conductance C of vacuum piping is expressed with C=K-d4 and <P>/1. Here, d is [ piping die length and <P 
ot a piping diameter and 1> ] the mean pressures in piping. This shows that conductance receives effect in a 
piping diameter remarkably. Usually, in order to set the pressure buildup by piping to 1 or less Torr by about 
[40m ] piping die length, it must consider as piping with a bore of 1 00mm or more. Usually a vacuum 
tlange must be welded to an iron pipe, and it must construct carefully so that leak may not arise. As 
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mentioned above, when the scale of works becomes large, it becomes impossible to disregard the tooth 
space for constructing this piping, cost, etc. 

[0007] Moreover, although the method of installing a conductance bulb in vacuum piping, controlling the 
opening automatically in order to improve the repeatability of the oxygen density in a single crystal, and 
maintaining furnace internal pressure to the set point is proposed by JP,7-77994,B Since the dust which used 
silicon oxide as the principal component flowed so much in piping as mentioned above, it entered into the 
bearing and the vacuum seal section of a driving shaft of a conductance bulb, and this part might be made to 
generate failure and this dust might shorten the life remarkable. 

[0008] Furthermore, although how to make adjustable the rotational frequency of a root mold vacuum 
pump, and control exhaust velocity as the pressure-control approach by the conductance bulb was also 
learned, it had troubles - a pressure control range is narrow, and when the die length of vacuum piping 
becomes large as mentioned above, a response is slow, and sufficient control precision is not acquired. 
[0009] Even if this invention was not made in view of the above-mentioned trouble and the conventional 
conductance bulb etc. is not used for it, it aims at being able to reduce making a furnace internal pressure 
control range expand and the piping tooth space from crystal-pulling equipment to a vacuum pump room, 
installation cost, power consumption, etc., and offering an evacuation system with little failure 
[0010] 

[Means for Solving the Problem] If it is in this invention in order to attain the purpose mentioned above In 
the crystal-pulling equipment into which a single crystal is pulled up and is grown up from the raw material 
melt in the crucible held in this chamber while supplying inert gas in a chamber The root mold vacuum 
pump to which the evacuation system for carrying out reduced pressure maintenance of the chamber internal 
pressure of this crystal-pulling equipment was connected through the inlet by the piping die length of the 
exhaust port of this crystal -pulling equipment, and less than 3m of abbreviation, It is characterized by being 
constituted by the dry vacuum pump connected through the inlet by the piping die length of the exhaust port 
of this root mold vacuum pump, and less than 100m of abbreviation. 

[001 1] Moreover, inverter equipment equipped with the control means which controls an engine speed 
automatically to become equal to a setting pressure about the pressure in a chamber can constitute said root 
mold vacuum pump as engine-speed adjustable. Furthermore, it is good for the inlet of said root mold 
vacuum pump also by the configuration made to equip with a cyclone mold dust collector possible 
[ attach/detach ]. 

[0012] If it is in the evacuation equipment of the crystal-pulling equipment concerning this invention, a root 
mold vacuum pump is installed in near [ of crystal-pulling equipment ], and after raising a pressure, even the 
dry vacuum pump of a pump house pipes by the conventional abbreviation 1 / piping of about two to 1/3 
diameter. By this, vacuum piping installation can be constructed at a 1/2 or less abbreviation tooth space and 
cost as compared with the former. Although differential pressure increases by minor diameter-ization of this 
piping, since it is the exhaust side of a root mold vacuum pump, although that power consumption increases 
a little, the engine performance as a vacuum pump system hardly changes to the former. Moreover, if the 
rotational frequency of a root mold vacuum pump is made adjustable by this system and furnace internal 
pressure is controlled, since the piping distance from a root mold vacuum pump to crystal-pulling equipment 
is very short, a speed of response is quick and sufficient control precision can be acquired. Since big exhaust 
velocity is obtained with small low power, even if it installs a root mold vacuum pump in near [ of crystal- 
pulling equipment ], it does not produce faults, such as vibration and generation of heat. 
[0013] Moreover, in order for a root mold vacuum pump to prevent breaking down by suction of a foreign 
matter etc., it equips with a dust filter just before inhalation opening, and that [ its ] of use **** is common 
to it. The conductance property of a dust filter rums into the same property as an orifice, and is C=K-S12- 
<P>... It can express (1). SI is [ a mean pressure and K of equivalence orifice area and <P> ] constants here. 
When the formula which sets an argon flow rate to Q, sets pump exhaust velocity to E, and asks for the 
furnace internal pressure PF from this is derived, it is PF=root {(Q/E) 2+ (2 Q/KS12)}... It is set to (2). On 
the other hand, differential pressure deltaP in the case of a cyclone is deltaP=JQ3/2S22E... It is expressed 
with (3). When the formula which asks for the furnace internal pressure Pc at the time of using a cyclone 
from this is derived, it is Pc=(JQ3/2S22+Q)/E... It is set to (4). Here, S2 is a cyclone inlet pipe road surface 
product. When a formula (2) is compared with a formula (4), when very large, for E, Pc is [ formula / (4) ] 
****** to constant value root (2 Q/KS12) at a formula (2) to that of ****** in O. 

[0014] As shown in drawing, 2 , change of the furnace internal pressure when changing E using the filter and 
cyclone which point out the same furnace internal pressure at the time of E=20000 1/min and argon quantiry- 
of-gas-flow 80 Nl/min was shown. When a cyclone is used, a very big variability region can be obtained as 
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compared with a filter. In order that E may carry out proportionally [ abbreviation ] at the engine speed of a 
root mold vacuum pump, it becomes possible to obtain a large pressure control range by changing a pump 
engine speed with an inverter. As mentioned above, by installing a dry vacuum pump in a suitable location 
on a works layout, and connecting this for the conventional abbreviation 1 / piping of about two to 1/3 
diameter Reduce a piping tooth space and installation cost sharply, and this root mold vacuum pump is 
equipped with a cyclone mold dust collector. It makes it possible to perform wide range control of furnace 
internal pressure with sufficient speed of response, without being based on a motorised conductance bulb 
like before which is easy to break down by driving with an inverter 
[0015] 

[Embodiment of the Invention] The sign 1 hereafter shown in drawing for explaining the gestalt of operation 
of this invention with reference to a drawing is crystal-pulling equipment of semi-conductors, such as silicon 
by the Czochrlski method, and the whole equipment is installed all over the clean room 1 1 . 5 is a cyclone 
type dust collector. With the gestalt of this operation, the cyclone inflow rate was set as 60 m/sec in argon 
quantity-of-gas-flow 80 Nl/min. It is possible ****** for a compact design to be attained by this and to 
install in near [ of crystal-pulling equipment ]. 6 is the so-called mechanical booster pump as a root mold 
vacuum pump, and is making the rotational frequency of a motor control by the inverter 4 in a control panel 
2. This rotational frequency is automatically controlled by the furnace internal pressure measuring 
instrument 7 and the PID controller 3, and is automatically maintained by the furnace internal pressure 
directed from the process control computer in a control panel 2. The piping die length from crystal-pulling 
equipment to inhalation opening of a mechanical booster pump 6 was 2.5m of abbreviation, and the speed of 
response of the pressure control near abbreviation 20Torr was 0.5 or less sec of abbreviation. Moreover, the 
bore of piping of this part was 1 00mm of abbreviation. 8 was exhaust side piping of a mechanical booster 
pump 6, and was 50mm of bore abbreviation, and 40m of die-length abbreviation. 9 is a dry mold vacuum 
pump, and 1 0 is exhaust side piping of the dry mold vacuum pump 9, and is wide opened outside the pump 
house 12. 13 is a check valve. 

[0016] Since the cyclone inflow rate is greatly set up as described above, the collection effectiveness of 
about 50% of abbreviation is acquired also about dust of about 5 micrometers of abbreviation. For this 
reason, although the amount of the dust under dry mold vacuum pump 9 exhaust air is 5mg or less of 
abbreviation per three lm, and it is satisfactory level even if it emits into atmospheric air as it is, it is 
desirable to add a silencer or a scrubber and to reduce the noise by exhaust air. The evacuation system 
described above was able to be constructed as compared with the former at a 1/2 or less abbreviation piping 
tooth space and cost. Moreover, since a mechanical booster pump 6 is large displacement in small and a low 
power, when using it in combination with the dry mold vacuum pump 9, as compared with exhausting in dry 
mold vacuum pump 9 single stage, 1/4 or less is it with power by the same displacement in or less 1 / two to 
1/4, and an installation tooth space. 

[0017] Moreover, since the cyclone type dust collector 5 was used, as compared with the dust filter, the big 
pressure control range with an abbreviation of about 10 times was able to be obtained. This is for the 
differential pressure of the cyclone type dust collector 5 to change a lot to change of pump exhaust velocity, 
as shown in drawing 2 . Although the mechanical booster pump 6 used with the gestalt of this operation was 
the engine performance of 20000 1/min in 60Hz, the rotational frequency when controlling to furnace 
internal pressure 20Torr was 900 - 1 200 revolution per minute. On the other hand, it changed sharply with 
abbreviation 20 - 200 rotation extent, and furnace internal pressure was also unstable what used the 
conventional dust filter. Moreover, dust adhered to the filter with raising of a single crystal, and in order that 
pressure loss may become large and may exceed a control range, cleaning of a filter is needed for every 
batch. Moreover, since a conductance bulb etc. was not used, the operation which did not produce failure, 
either but was stabilized extremely was possible. 

[0018] It is because the dry vacuum pump 9 is operated by the rated engine performance that furnace 
internal pressure is fixed near abbreviation 40Torr in the graph shown in drawing 2 in with cyclone type 
dust collector 5, even if the exhaust velocity of a mechanical booster pump 6 becomes 0 I/min. If an inverter 
4 is attached also in the dry vacuum pump 9 and it is made to make the same variable speed operation as a 
mechanical booster pump 6 perform, a still larger pressure control range can be obtained 
[0019] 

[Effect of the Invention] This invention is constituted as mentioned above, and according to the evacuation 
system by which the chamber internal pressure of crystal-pulling equipment was especially described above 
for carrying out reduced pressure maintenance, it can reduce the piping tooth space and cost from crystal- 
pulling equipment to a vacuum pump room to about 1/2 conventional abbreviation. Moreover, without using 
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a conductance bulb, the pressure control of the large range is written as it is possible, and an evacuation 
system with little failure is obtained. Furthermore, as compared with the case where the vacuum pump of a 
single stage is used, abbreviation 1 / about two to 1/4 power consumption, and an installation tooth space 
become possible. 

[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/25/2006 



4 



JP,09-22138l,A [DRAWINGS] 



Page 1 of 1 



* NOTICES * 

OPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Translation done.] 
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